Diagnosis of pulmonary thromboembolism (pte) usually includes clinical pretest probability assessment, testing for specific degradation products of cross-linked fibrin (D-dimer) and imaging studies. Patients with radiological findings attributable to pulmonary infarction and normal D-dimer level, may present a diagnostic and therapeutic challenge. a 37-year-old caucasian female had episodes of hemoptysis, and bilateral pulmonary nodular infiltrates on chest radiograph and computerized tomography. the plasma D-dimer level was normal, perfusion lung scan was not conclusive and histological examination of an open lung biopsy revealed recent thrombotic pulmonary infarction. she deteriorated and more perfusion defects were detected on perfusion lung scan. Genetic analysis revealed her to be a carrier of the prothrombin factor II (FII) G20210a mutation.
INTRODUCTION
pulmonary infarction usually results from pulmonary thromboembolism (pte), and typically appears on radiological examination as a peripheral wedge-shaped density above the diaphragm [1, 2] . Nodular opacities are rare and may not be distinguished from nodular infiltrates produced by malignant disorders, granulomatous disorders or infections [3] . It is generally accepted that normal plasma level of D-dimer (specific degradation products of cross-linked fibrin) excludes PTE, and argues in favor of an alternative diagnosis [4] . surgical lung biopsy and histological examination may be required in order to establish the nature of nodular opacities [3] . In theory, surgical intervention in a patient with recent pulmonary infarction may increase the risk of additional thrombotic events, however, the occurrence of thromboembolic complications following surgical lung biopsy has not been reported. appropriate perioperative antithrombotic prophylaxis in patients undergoing surgical biopsy, especially when blood hypercoagulability is also present, is essential to prevent thrombotic events.
We here report on a patient with atypical pre-pULMoNarY eMBoLIsM sentation of pulmonary infarction, who developed pulmonary embolism soon after open lung biopsy. Hematological investigation revealed the presence of thrombophilia which was then shown to be due to heterozygous FII G20210a mutation [5] .
CASE REPORT
a 37-year-old caucasian female, ex-smoker, was admitted for persistent mild chest pain following hemoptysis which occurred 3 weeks previously. she had been receiving angiotensin converting enzyme (ace) inhibitor therapy for systemic hypertension for 5 years. she was not obese and had never used oral contraceptives. there was no family history of thrombosis and investigation for family thrombophilia was not performed.
she was afebrile, with a heart rate of 100 beats min -1 , blood pressure 130/80 mmHg, and respiratory rate 18 breaths min -1 . an electrocardiogram, routine laboratory findings and arterial blood-gas analysis gave normal results. Blood sedimentation rate and leukocyte count were increased (80 mm h -1 and 12.6 × 10 9 /L, respectively). chest X-ray examination and computerized tomography (ct) (Figure 1, Figures 2a and 2b) showed bilateral nodular infiltrates in the lower lung lobes. the D-dimer level, measured several times by an immunoturbidometric method (DadeBehring, Deerfield, IL, USA), was <250 µg L -1 (normal <250). Perfusion lung scans showed a subsegmental perfusion defect in the laterobasal part of the right lung, and a postero-basal hypoperfusion zone in the left lung. the ventilation scan was not available, and the perfusion scan was interpreted as non diagnostic. antinuclear antibodies (aNa), antineutrophil cytoplasmic antibodies (aNca) and antiphospholipid antibodies were not present. the Bronchoscopy showed some old blood in the trachea, starting from bronchus number eight of the right lower pulmonary lobe, from where an aspirate was taken for cytological and bacterial analyses. after this aspiration, bronchial hyperemia was evident but there were no signs of infiltration. The aspirate was negative for malignant cells and pathologic bacterial flora.
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to clarify the nature of the bilateral nodular lung infiltrates, open lung biopsy was performed, without perioperative antithrombotic prophylaxis. a macroscopically, well bordered, ovoid hemorrhagic nodule was removed. on histological examination, recent hemorrhagic pulmonary infarction with subocclusive and occlusive thrombosis of pulmonary arterioles was noted (Figures 3a and 3b) . two days after the lung biopsy, she had sharp chest pain and a chest radiograph revealed a triangular shadow in the right middle lung field (Figure 4) . arterial blood gas analysis showed pao 2 : 9.1 kpa (standard value 11.45 kpa), and a D-dimer level of 1820 µg L -1 . the perfusion lung scan showed a massive defect in the middle and lower parts of the right and segmental defects in basal part of the left lung. compression ultrasonography of lower limb veins gave negative results for the presence of deep venous thrombosis (DVt). Hematological investigation revealed presence of a thrombophilic state. Genetic analysis showed a heterozygous FII G20210a mutation (see Methodology Description below). activities of protein c, protein s and antithrombin III were normal. the polymerase chain reaction (pcr), analysis for factor V Leiden mutation was negative, and anticardiolipin antibodies were not elevated.
Intravenous heparin was introduced, followed by warfarin, keeping the international rate (INr) of prothrombin time at 2-3. the patient's clinical state gradually improved, and over 2 years of follow-up she had no new thrombotic episodes.
Methodology Description. the fragment of the factor II gene was amplified by PCR on whole blood, followed by digestion with HindIII (New england BioLabs, Ipswich, Ma, Usa) endonuclease. the digestion products were analyzed by electrophoresis on 10% polyacrylamide gels followed by silver staining of the gels. We used the following modification of the PCR according to poort et al. [5] : pcr reactions were performed in a 25 µL final volume containing 50 mM KCl, 100 mM tris-Hcl, pH 9.0, 0.1% triton X-100, 200 mM dNtps, 5 mM Mgcl2, 10 pmol of forward and reverse primers and 1 µL of whole blood. the thermal cycle profile was: five cycles consisting of 3 min. at 98°c and 3 min. at 55°c, to assure complete denaturation of DNa. one unit taq polymerase (applied Biosystems, Foster city, ca, Usa) was added at 50°c and after 5 min., 35 cycles consisting of denaturation at 94°c for 1 min., annealing at 56°c for 1 min. and polymerization at 72°c for 1 min. were applied. Final extension of the pcr 2а 2b
Figures 2a and 2b. transverse ct scan at lung window level shows bilateral irregular shadows, similarly shaped and close to each other and to pleura in posterior lower lobes, bilaterally. products was at 72°c for 10 min. the pcr reactions were performed in Mastercycler gradient apparatus (eppendorf, Hamburg, Germany).
DISCUSSION
our patient had bilateral subpleural nodules, normal D-dimer level and, thus, a low clinical probability of pte that was estimated using the Geneva score [6] . Her pte occurred shortly after open lung biopsy, most probably because of a combined effect of a congenitally hypercoagulable state, and the surgical procedure due to the presence of a heterozygous FII G20210a mutation.
the radiologic appearance of pulmonary infarction may vary depending on the underlying cause and the temporal evolution of the lesion [7] . subpleural nodular opacities on chest radiography are atypical parenchymal infarctions, and surgical lung biopsy may sometimes be required to establish a correct diagnosis. parambil et al. [3] reported that 65% of initially unrecognized pulmonary infarctions, which were later confirmed by histological examination, presented as solitary or multiple lung nodules on chest radiograph and/or ct.
In several studies, the negative predictive value of the combination of low clinical probability and normal D-dimer levels in exclusion of pte approached 99.5% [8, 9] . For that reason, suspicion of pte in our patient was initially abandoned and a lung biopsy was performed. a normal level of Ddimer, despite proven thromboembolic pulmonary infarctions on histologic examination, represented an intriguing issue. Normal D-dimer levels, when determined by the eLIsa technique, have excellent negative predictive values of 91-98%, and are considered adequate for exclusion of venous thromboembolism [10, 11] . similarly, normal D- pULMoNarY eMBoLIsM dimer level determined by the latex agglutination method, has negative predictive value of about 88%, and is not satisfactory for exclusion of recent pte [12] . although the rapid immunoturbidometric test that we used exhibited better sensitivity than the qualitative latex agglutination tests, its negative predictive value was lower than that of the eLIsa method, which may be responsible for the negative results of D-dimer in our patient [12] . Furthermore, fibrin degradation products have a half-life of from 3-48 hours, and cause the D-dimer level to decrease over time [13] . therefore, the long period between occurrence of symptoms and drawing of the blood sample may also be responsible for the normal Ddimer levels in our patient.
While the assays now available for D-dimer measurement have different sensitivities and specificities for the diagnosis of venous thromboembolism [8,9,12], the D-dimer level is also affected by a patient's characteristics. For example, the value of D-dimer testing is significantly decreased if the renal function is affected, as study of patients with suspected pulmonary embolism and decreased glomerular filtration rate showed [14] . Gibson et al. [15] described cases when pte was present in spite of a low D-dimer level, suggesting that patients with a likely clinical probability should undergo further diagnostic testing. the ventilation/ perfusion scintigraphy is non diagnostic in almost one-half to two-thirds of patients with a clinical suspicion of pte [16] , and its predictive value decreases if the clinical probability of pte is low, as in our patient.
the relative risk of venous thromboembolic events is increased 2-4-fold in heterozygous carriers of the FII G20210a mutation when compared to non carriers [17] . the risk of venous thrombosis was significantly increased in patients with FII G20210a mutation in whom total hip arthroplasty was performed, compared to patients without this mutation [18] . even a minor surgical procedure in patients with prothrombotic states may represent a risk factor for thrombosis [19] .
CONCLUSIONS
the potential for thrombotic pulmonary infarction should be considered in patients with nodular lung infiltrates even when D-dimer values are normal, and were determined by less sensitive methods or long after the occurrence of symptoms. although venous thrombosis is a rare complication of open lung biopsies, testing for thrombophilic states in such patients may help the recognition of a hypercoagulable state and the implementation of appropriate antithrombotic prophylaxis after any surgical procedure is carried out.
